Proteomic analysis of a Triton X-100 insoluble, 30 000 × g pellet from purified pea chloroplasts resulted in the identification of 179 nonredundant proteins. This chloroplast fraction was mostly depleted of chloroplast membranes since only 23% and 9% of the identified proteins were also observed in envelope and thylakoid membranes, respectively. One of the most abundant proteins in this fraction was sulfite reductase, a dual function protein previously shown to act as a plastid DNA condensing protein.
Introduction
Plastids are semi-autonomous, membrane-bound organelles found in algae and higher plants and are the site of de novo synthesis of many phytochemicals including fatty acids, isoprenoids, starch, amino acids and many secondary compounds. Many of the enzymes involved in these biosynthetic pathways are located in the soluble portion of plastids (stroma) which is divided from the cytosol by a double membrane system termed envelope membrane. 1 Plastids are believed to have an endosymbiotic evolutionary origin and one of the remnants of this ancestry is the presence of a circular genome encoding approximately 110 ORFs. 2 The remainder of the estimated 3600 plastid proteins are nuclear encoded. 3, 4 The estimated number of plastid proteins for a higher plant is based upon subcellular target prediction analyses of open reading frames from the Arabidopsis thaliana genome using organelle targeting algorithms. 5 Nuclear-encoded chloroplast proteins are transcribed from the nuclear genome, translated in the cytosol and imported into chloroplasts through the envelope membrane via an amino-terminal targeting peptide. 6, 7 Although over 3600 proteins are predicted to be targeted to plastids, the number of characterized plastid proteins represents only a small percentage of this predicted number. 4, 8 Despite significant efforts to characterize chloroplasts and subfractions therein, less than one-fifth of the predicted number of plastid proteins have been confirmed.
Previous proteome investigations have cataloged integral and peripheral membrane proteins associated with envelope 9 and thylakoid 10 membrane fractions. These systematic investigations have provided the first view of the principal membrane systems in plastids. A less characterized sub-plastidial compartment is the stromal space, which likely contains the majority of plastid-targeted proteins. 1 Within the plastid stroma are nonmembrane, multi-enzyme complexes and macromolecular structures, many of which have yet to be characterized. It was previously noted that a major fraction of the plastid acetyl-CoA carboxylase (ACCase) multi-enzyme complex sediments in a Triton X-100 insoluble, high-density fraction. 11 Compositional analysis revealed this fraction was also enriched in plastome DNA, suggestive of nucleoid co-isolation. Nucleoids are dense, heterogeneous protein-nucleic acid particles where plastome replication and transcription occur. [12] [13] [14] The subplastidial location of nucleoids is a matter of speculation, although biochemical evidence indicates an association with stromal-side of the envelope membrane. 15 In addition to nucleiods, membrane-depleted chloroplast subfractions likely contain high molecular weight protein complexes since the multi-enzyme ACCase was also prevalent. To verify this and begin developing mechanistic models for multi-enyzme complexes and plastid nucleoids we performed the first proteomic characterization of a membrane-depleted, high-density chloroplast fraction.
Identification of Proteins by Mass Spectrometry.
Gel bands were excised and subjected to in-gel tryptic digestion based on method of Shevchenko et al., 21 and subsequently modified by Rowley et al., 22 with the following additional modifications. The trypsin digested peptides were dried in a speedvac and resuspended in a final volume of 6 µL of 3% (v/v) trifluoroacetic acid. Liquid chromatography/mass spectrometric analysis of each in-gel digest was accomplished using the Waters CapLC system (Waters Corporation, Milford, Massachusetts) coupled to a LCQ DECA quadrupole ion trap mass spectrometer (ThermoFinnigan, San Jose, CA) through the Picoview nanospray source (New Objectives, Cambridge, MA). Exactly 1.0 µL of each in-gel digest was trapped on a Michrom CapTrap cartridge (Michrom BioResources, Inc. Auburn, CA) and then backflushed on a 75 µm id × 15 cm picofrit column packed with 5 µm 100Å Magic C18AQ material (Michrom BioResources, Inc. Auburn, CA). The picofrit column made electrical contact through a precolumn ZDV titanium union, and terminated in a 15 µm tip id outlet spray needle. Peptides were eluted from the column using a gradient of 5% to 50% solvent B (0.1% (v/ v) formic acid, 95% (v/v) acetonitrile) in 30 min at a flow rate of 250 nl/min; mobile phase A consisted of 0.1% (v/v) formic acid. Mass spectra were acquired using the Top three double play mode of operation where the top three peptide ions detected in a MS survey scan triggered data dependent MS/ MS fragmentation for obtaining product ion spectra. Uninterpreted MS/MS spectra were searched against the Viridiplantae NCBI nonredundant database (June, 2004) using Mascot (Matrix Science, Ltd, U.K.) and XTandem 23 (www.thegpm.org) database mining software. XTandem 23 searches were performed using the single amino acid substitution function to increase peptide matching. False positives were identified using the reverse sequence search function of XTandem 23 and theoretical modeling function of Probity. 24 XTandem uses survival functions and expectation values to assign significance to MS/MS spectra matched to an in-silico peptide fragmentation pattern. The proteins identified in this experiment using the peptides matched by the XTandem algorithm were assessed statistically using a modified Probity 24 algorithm. This algorithm assigns statistical significance to the proteins identified by taking into account such factors as the number to peptides identified, the peptide scores, the number of proteins in the database searched and the number of MS/ MS spectra searched against these database.
Bioinformatic Analyses. Output identification data was manually screened based upon score and number of matched peptides. Tentative identifications with a Mascot score below 70 or fewer than 2 matched peptides were discarded. Xtandem scores below -1.3 (<95% confidence; score ) log(e)) and all redundant identifications were also discarded. Primary sequences for proteins identified in this investigation were submitted to two organelle targeting algorithms, ChloroP 25 (www.cbs.dtu.dk/services/ChloroP/) and TargetP 6 (www.cbs-.dtu.dk/services/TargetP/). Proteins that were not predicted to be plastid localized based upon ChloroP or TargetP analyses were also analyzed using Predotar v.0.5 algorithm (www. inra.fr/predotar/). Organellar assignment and corresponding output score is noted for each protein in the supplemental table.
Results and Discussion
In Vitro Isolation Protocol Yields High Purity Chloroplasts from Pea Leaves. Integral to proteome investigations of purified organelles is experimental validation of in vitro isolation protocols and establishment of organelle purity. To determine the purity of the chloroplasts used in this investigation immunoblotting with antibodies to authentic mitochondrial, plastid, cytosol and ER proteins was employed ( Figure 1 ). Monoclonal antibodies against maize mitochondrial pyruvate dehydrogenase R-subunit and F1 ATP synthase R-subunit detected single proteins of 43 kDa and 52 kDa, respectively, that were predominant in 2.6k × g pellets and of low abundance in Percoll purified chloroplast fractions (Figure 1 ). Cytosol and ER contamination were also minimal based upon marker antibodies to low-molecular weight and membranebound acyl-CoA binding proteins, respectively. In contrast, plastid pyruvate dehydrogenase R-and -subunits were highly enriched in both 2.6k × g pellets and Percoll gradient fractions. Quantification of nonplastidial contamination, based upon these immunoblot analyses, revealed the chloroplasts used in this investigation were greater than 90% pure.
Approximately 35 Coomassie Stained SDS-PAGE Bands are Observed in Triton-Insoluble Pea Chloroplast Fractions. Previous chloroplast proteome investigations have targeted envelope and thylakoid membrane subfractions for in-depth characterization. To our knowledge, there has been no systematic analysis of a membrane-depleted, high-density chloroplast subfraction. If prepared expeditiously under stabilizing conditions, such a fraction would hypothetically contain the bulk of high molecular weight, nonmembrane macromolecular structures within chloroplasts including nucleoids, starch granules, and multi-enzyme complexes. Indeed, a previous investigation of the heteromeric ACCase revealed this highly labile, multi-enzyme complex could be retrieved in its intact state (based upon activity status) by de-lipidating purified chloroplasts with Triton X-100 followed by centrifugation. 11 Attempts to resolve proteins present in Triton-insoluble chloroplast fractions using two-dimensional gel electrophoresis resulted in substantial horizontal streaking of protein spots (data not shown), presumably due to the high nucleic acid content and hydrophobicity of proteins in this fraction. Fractions from the chloroplast purification procedure, including the total homogenate (total), 2600 × g pellet (2.6k × g pellet) and supernatant (2.6k × g super) and Percoll purified chloroplasts (chloroplasts), were quantified and equal amounts of protein (50 µg) resolved by SDS-PAGE. Polyclonal antibodies specific to the plastid pyruvate dehydrogenase R-and -subunits (pd E1R and pdE1 ) were used to verify chloroplast enrichment. Monoclonal antibodies to mitochondrial pyruvate dehydrogenase R-subunit (mtE1R) and F1-ATP synthase R-subunit (R-ATPase) were used to determine mitochondrial contamination and polyclonal antibodies to low-molecular weight (ACBP) and membranebound (mACBP) acyl-CoA binding proteins were used as markers for the cytosolic and ER fractions, respectively. SDS-PAGE band profiles with total chloroplasts revealed the protein composition of this subfraction was distinct ( Figure 2 ).
To identify each stained protein band while also identifying those proteins below the detection of CBB, the entire lane from a one-dimensional SDS-PAGE gel was sectioned according to the predominant CBB-stained bands as well as the nonstaining 'background' regions of the gel ( Figure 2 ). Pre-fractionation of the Triton-insoluble pea chloroplast fraction by SDS-PAGE allowed the prominent protein bands to be quantified and also reduced the complexity of each sample prior to reverse-phase capillary LC to further enhance the sensitivity of this approach. Using this approach, 341 total proteins assigned to 179 different accession numbers were identified in this investigation (Suppl .  Table) .
Validation of Chloroplast Purity Using Subcellular Target Prediction Algorithms. Each of the protein sequences identified in this investigation were submitted to web-based organelle targeting algorithms. Of the 179 unique proteins identified in this investigation only 15 were consensus nonplastidial, based upon ChloroP, TargetP and Predotar organellar prediction analyses (Supporting Information Table) . It is likely that this number is an overestimate due to the ambiguous nature of protein annotation, particularly for unknown proteins, and the potential for dual-organellar targeting of some proteins [26] [27] [28] [29] [30] which current targeting algorithms are not trained to detect. One previously characterized, dual-targeted protein is RNA polymerase which was also identified in this investigation. [31] [32] [33] Although TargetP is considered to be a reliable organellar targeting algorithm it was observed that two known plastid proteins, oxygen-evolving enhancer protein and stearoyl-ACP desaturase, were incorrectly assigned by TargetP in the current investigation. In contrast, ChloroP and Predotar correctly localized these two proteins to plastids (Suppl . Table) . Thus, it is important to verify nonplastid targeted proteins with alternative algorithms, as shown in this report, and ultimately through experimentation.
Three proteins observed in this investigation, glycolate oxidase (band 26) and glycine decarboxylase subunits aminomethyltransferase (band 24) and serine hydroxymethyltransferase (band 19), are major soluble proteins in glyoxysomes and mitochondria, respectively. The presence of these proteins in Triton-insoluble chloroplast preparations could therefore be due to protein carry-over, possibly by nonspecific binding to the outer envelope of intact plastids. As these three proteins were the few unambiguous, nonplastidial proteins identified in this investigation this explanation is more plausible than whole organellar contamination. As a whole, these data are consistent with immunoblot analyses (Figure 1 ) and the overall conclusion that the chloroplast preparations used in this investigation were of high purity.
Protein Composition of Triton-Insoluble Chloroplast Preparations are Distinct from Thylakoid and Envelope Membranes. Comparison of the 179 proteins identified in this investigation with those from previous proteome investigations of thylakoid 10 and envelope 9 membranes revealed only 17 (9.5%) and 42 (23%) proteins, respectively, in common with those investigations ( Figure 3A ). Thylakoid and envelope fractions shared 52 (23%) proteins and all three datasets had 10 proteins in common. From these data it is evident Tritoninsoluble preparations are distinct from thylakoid and envelope membranes. Surprisingly, only 29% of the proteins identified here were also observed in a recent catalog of 650 chloroplast proteins identified by LC-MS/MS (Figure 3B ). 34 The low percentage of coincident proteins between these two investigations emphasizes the importance of subfractionation as a tool to extend proteome coverage.
After sorting each protein according to a fifteen class enzyme function classification scheme, adapted from the Yeast Genome Project 35 for the Arabidopsis Genome Initiative, 36 it was observed that 35% of the proteins identified from this investigation were involved in energy production and primary metabolism ( Figure 4A ). Protein synthesis and transcription classes each represented 11%, followed by cell growth/division (7%), intracellular traffic (5%) and secondary metabolism, protein destination/storage and transporters (each 4%). Unknown or hypothetical (unclassified) proteins were also a major class of proteins and they are listed in Table 1 along with the highest matching homologue from BLASTP searching of NCBI nonredundant databases. Proteins with "putative" or "like" in the Genbank identifier tag are also listed since the function of most of these proteins have yet to be confirmed.
In addition to functional classifications, proteins were also grouped according to their sub-organellar macromolecular or structural association ( Figure 4B ). Nucleoids contained the highest percentage of proteins (22%), although most classifications were made based upon bacterial models, as plastid nuceloids are poorly characterized structures. Multi-enzyme complexes were another abundant group of macromolecules in Triton-insoluble chloroplast preparations. Interestingly, few research articles Phinney and Thelen of the subunits to these complexes were observed in a previous total chloroplast proteome investigation 34 suggesting these complexes might be present at a low copy number in chloroplasts.
Nucleoids are a Major Component of Triton-Insoluble Pea Chloroplast Preparations. An intense 68 kDa protein band (band 14) comprising approximately 8% of the total protein was identified by LC-MS/MS as one predominant protein, ferredoxin:sulfite reductase. Sulfite reductase was also a major component of bands 11, 12, 13, and 15. In addition to its primary role in sulfur assimilation for cysteine and methionine synthesis, sulfite reductase was demonstrated as one of the most abundant proteins in plastid nucleoid preparations from pea and soybean. 37, 38 In these investigations sulfite reductase was shown to be a condensing protein for plastid DNA, allowing the formation of compact protein-DNA complexes. The abundance of sulfite reductase in this fraction, in conjunction with the previous observation that nucleic acids were also prevalent 11 strongly supports the conclusion that nucleoids are a major component of 30k × g Triton-insoluble preparations. Interestingly, sulfite reductase was not identified from previous proteome investigations of chloroplast envelope membranes 9,39,40 despite biochemical evidence suggesting nucleoids are tightly associated with envelope membranes. 15, 41, 42 Another class of nucleoid-associated proteins identified in this investigation were DNA gyrase-topoisomerases. Like sulfite reductase, DNA gyrases were abundant in Triton-insoluble fractions based upon intensities of CBB stained bands 7, 8, and 12. In addition to the two proteins annotated as DNA gyrase subunit A and B (accession numbers 15228353 and 15228245, respectively) two genes annotated as DNA gyrase subunit A-related (accession 30681440) and DNA gyrase subunit B-like (accession 15237634) were also identified from bands 9, 11, 13. Interrogation of the Arabidopsis genome with these sequences revealed only the four putative DNA gyrase genes discussed here. Interestingly, most of the sequence differences were observed at the amino-termini suggesting targeting to different organelles. The gene annotated as DNA gyrase subunit B-like (accession 15237634) is mitochondrial-localized based upon TargetP and Predotar prediction analyses but plastid-localized based upon ChloroP analysis, whereas accession numbers 30681440 and 15228353 are both consensus plastid localized. Although the exact role of DNA gyrases in plastid function is presently unknown, a previous investigation demonstrated these proteins are critical for nucleoid division by the use of a specific inhibitor. 43 The high abundance of DNA gyrases in enriched nucleoid preparations as well as the genetic redundancy also point toward an important role for these proteins in nucleoid and perhaps chloroplast division.
Other presumptive nucleoid-associated proteins identified in this investigation include putative plastid-predicted RecA DNA repair isoforms (bands 23, 24) and DNA binding proteins (bands 4, 5, 6). Another known DNA-binding protein identified in this investigation was histone. Histones are basic, low molecular weight DNA binding proteins responsible for condensing DNA. 44 However, these proteins are generally considered nuclear-localized thus it is unclear whether the polypeptide identified here is a true histone or a potentially misidentified plastid HU-protein which are similar to histones in structure and function, as demonstrated in cyanobacteria. 45, 46 The function of HU-like proteins in higher plants is not yet clear since sulfite reductase has been demonstrated to condense plastid DNA.
Transcription and Translation-Related Proteins Co-Sediment with Nucleoids. Plastid nucleoids are high-density protein-DNA particles that sediment at low centrifugal forces. 13, 47 Electron microscopy has revealed these particles are heterogeneous in structure, 13, 14, [48] [49] [50] and therefore may be associated with other macromolecular structures. Previous investigations reported that purified plastid nucleoids also exhibited RNA polymerase activity although the extent of this association is not clear. 12, 13, 51, 52 In addition to transcription activity, it was suggested that ribosomes may also be associated with nucleoids based upon the identification of a 28 kDa ribosomal-like protein as part of nucleoid preparations from pea chloroplasts. 47 In the current investigation, numerous transcription and translation related proteins were identified in 30k × g Tritoninsoluble chloroplast preparations (Figure 4) . The plastid- a The genbank identification number (GI no.), predicted molecular weight (MW) and number of peptides matched from MS/MS ions searching are noted. Organelle targeting predictions are also noted. Plastid target predictions for the ChloroP algorithm were either Yes (Y) or No (N) based upon a probability score (in parentheses). Abbreviations for TargetP subcellular localization algorithm are: C, chloroplast; O, other; M, mitochondria and prediction class (1 through 5) for each protein is noted in parentheses. Plant species from which the gene originated is noted with the following abbreviations: A, Arabidopsis thaliana; Le, Lycopersicon esculentum; Os, Oryza sativa; Pp, Physcommitrella patens; P, Pisum sativum. BLASTP searches were performed with each unknown protein to find the highest matching homologue; percent identity is noted in parentheses.
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encoded RNA polymerase -subunit was a component of bands 4 and 5 and the plastid-encoded R-subunit was an abundant polypeptide in bands 24 and 25. Another RNA-associated protein observed in this fraction was a plastid-targeted probable RNA helicase (band 10, 11) which is involved in processes ranging from transcriptional regulation 53 to ribosome assembly. 54 Numerous plastid-targeted, RNA binding proteins were also identified. One particularly abundant RNA-binding protein (accession number 7446357) was the principal component of bands 33 and 34. A ribonuclease S5 homologue was observed in multiple bands and proteins identified as endoribonuclease E (band 3) and polyribonucleotide nucleotidyltransferase (band 4) were also observed in Triton-insoluble chloroplast preparations.
Plastid ribosomes were also present in Triton-insoluble chloroplast preparations based upon the number of different ribosomal proteins identified and the frequency of their identification (Figure 4 , Supporting Table) . In addition to ribosomal proteins three translation elongation factors and two ribonucleoproteins were also observed. These data suggest an association of the translation apparatus with nucleoids, perhaps indirectly through nascent transcripts. Alternatively, it is possible that intact ribosomes co-sediment with nucleoids due to their large mass rather than via association with nucleoids. Understanding this potential interaction will require further study, perhaps through dissociation analyses. Development of the current SDS-PAGE proteome map of should be helpful in this endeavor.
Multi-Enzyme Complexes are Enriched in 30k × g TritonInsoluble Chloroplast Fractions. The pyruvate dehydrogenase complex (PDC) is a labile, macromolecular assembly of at least three enzymes, pyruvate dehydrogenase (R-and -subunits), dihydrolipoamide acetyltransferase, and lipoamide dehydrogenase. Based upon rate-zonal centrifugation, the maize mitochondrial PDC was previously estimated to be greater than 5 MDa in size, 55 due in part to a 2.7 MDa pentagonal dodecahedron central core of dihydrolipoamide acetyltransferase subunits. 56 The quaternary structure and organization of the plastid PDC is largely unknown because the plastid PDC, unlike the mitochondrial form, dissociates rapidly in vitro. 57 The presence of all four subunits in the membrane-depleted 30k × g fraction characterized here (bands [17] [18] [19] [20] [21] [25] [26] [27] indicates this complex can be isolated under rapid extraction conditions for further structural analyses (Table 2 ). Since this complex sedimented at relatively low centrifugal forces association with other enzymes is possible and may signal the presence of a larger, metabolic enzyme assembly in plastids including the heteromeric acetyl-CoA carboxylase ( Table 2 ).
The R-carboxyltransferase (R-CT) subunit to the multienzyme complex ACCase was detected in bands 6, 7, 8, and 12 while the -carboxyltransferase ( -CT) subunit was observed in bands 7, 8, 9, 10, and 11 ( Figure 2) . Detection of CT subunits in multiple SDS-PAGE bands indicated diffuse migration during SDS-PAGE which could be the result of incomplete denaturation as these two proteins are tightly complexed by hydrophobic interactions and extensive disulfide bridging. 58 Alternatively, this could be due to incomplete chromatographic elution (also referred to as "memory effect") from reversedphase chromatography. Upon the basis of the number of tryptic peptides identified, the majority of R-CT was observed in bands 7 and 8 which comprised approximately 2.5% of the total protein in Triton-insoluble chloroplast preparations. The -CT subunit was predominantly found in band 10 which represented 1.6% of total protein. In addition to the CT subunits, the biotin carboxylase (BC) and biotin carboxyl carrier protein (BCCP) subunits to ACCase were detected in bands 17, 19, 20, and 27, 28, respectively. The low number of matching peptides for BCCP could be low sequence conservation as unlike the CT subunits the pea homologues for these genes have yet to be cloned. Bands 18, 19 , and 20 were a mixed composition of ATP synthase R-and -subunits and RuBisCO large subunit. These three proteins are present at high levels in chloroplasts and are common contaminants of in vitro purified envelope and thylakoid membranes. 9, 39, 40, 59 It is therefore plausible that these two proteins are 'carry-over' contaminants of Triton-insoluble fractions due to their overwhelming abundance in chloroplasts. An alternative explanation is a potential association with other proteins as part of a larger, sedimentable complex. This explanation is supported by the observation that two classes of proteins known to associate with RuBisCO, RuBisCO activase and RuBisCO binding protein subunits (groEL-related chloroplast chaperonin 60), were also prevalent ( Table 2) . [59] [60] [61] Furthermore, RuBisCO was previously observed to form a complex with four other enzymes of the Calvin cycle. 62, 63 Interestingly, two of those enzymes were also observed in this investigation, phosphoglycerate kinase (PGK) and glyceraldehyde-3-phosphate dehydrogenase (GPDH). Surprisingly, both forms of GPDH were observed and were the major proteins in bands 24 and 26, representing approximately 4% of the total protein. GPDH was also identified as a component of bands 23, 25, and 27. Thus one possible explanation for the presence of RuBisCO, PGK, and GPDH (three soluble, stromal enzymes) in 30k × g Triton-insoluble fractions is the isolation of an assembly of Calvin cycle enzymes plus associated chaperonins.
Conclusions
Proteomic analysis of a membrane-depleted, high-density fraction from purified pea chloroplasts resulted in the identification of 179 different proteins, almost 97% of which are known or predicted plastid proteins. This chloroplast fraction was biochemically distinct from envelope and thylakoid membranes since only 23% and 9%, respectively, of the 179 proteins were in common with previous proteome investigations of these fractions. Assignment of abundant protein bands as sulfite reductase (plastome condensing protein) and DNA gyrase confirmed nucleoids were a major component of this fraction. In addition to nucleoids, large multi-subunit complexes were also present in this fraction including ribosomes, ACCase, and PDC. The first three enzymes of the Calvin cycle, RuBisCO activase and RuBisCO binding proteins were surprisingly abundant and, if associated, could explain sedimentation in Triton-insoluble 30k × g fractions. Indeed, these data support the previous proposal of a large, multi-enzyme assembly to facilitate metabolite channeling of reductive pentose phosphate pathway intermediates. 63 Despite rigorous de-lipidation with Triton X-100 detergent, sixteen envelope membrane proteins were also identified suggesting domains of this membrane system are recalcitrant to Triton extraction. Surprisingly, 32 proteins were classified as unknown or hypothetical proteins, most matching to Arabidopsis ORFs. Because this was the first proteomic analysis of a membrane-depleted, high-density chloroplast subfraction the high number of unknown and hypothetical proteins is not surprising. Since only the heteromeric ACCase was known to be localized to this chloroplast fraction, this investigation demonstrates the utility of a Nonredundant proteins that could be classified as associated with multi-enyzme complexes, nucleoids (including transcription and translation), or envelope membranes are listed. Assignments are based upon the literature, where possible, and tentative otherwise. It should be noted that many of the identified proteins could be classified into multiple categories, for example, carboxyltransferase subunits to the acetyl-CoA carboxylase multi-enzyme complex are also associated with envelope membranes. 11 Genbank identification number, predicted mass, Mascot or XTandem (log(e)) score and number of identified tryptic peptides are shown. Subcellular target prediction analyses with deduced sequences were performed using ChloroP and TargetP prediction algorithms. If predictions from these two algorithms did not agree then a third algorithm (Predotar) was employed. proteomics as a tool to rapidly dissect a protein fraction of unknown composition. This investigation will provide a foundation for future research on nucleoids and multi-enzyme complexes in plastids.
Abbreviations: ACCase, acetyl-coenzyme A carboxylase; BC, biotin carboxylase; BCCP, biotin carboxyl carrier protein; CBB, Coomassie Brilliant Blue; DTT, dithiothreitol; ESI, electrospray ionization; LC, liquid chromatography; MALDI-TOF, matrixassisted laser desorption ionization time-of-flight; MS, mass spectrometry; SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electrophoresis; RuBisCO, ribulose-1,5-bisphosphate carboxylase oxygenase; GPDH, glyceraldehyde-3-phosphate dehydrogenase; PDH, pyruvate dehydrogenase; PDC, pyruvate dehydrogenase complex; PGK, phosphoglycerate kinase.
